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(57) 



ABSTRACT 



The present invention is a power monitoring circuit for 
sensing line conditions in a three phase power line. In the 
circuit a plurality of series connected power suppUes for 
powering various components of the circuit are connected in 
series with a current sensing element for sensing current 
supplied to the power supplies. The power supply and 
ciuTcnt sensing clement arrangement, in turn, is connected 
across a ttiree phase bridge rectifier, which is in communi- 
cation with the three phase power supply Line. A circuit 
analyzer in communication with the current sensing element 
senses unbalanced line conditions based at least in part on a 
signal developed by the current sensing element. Preferably, 
the circuit further includes a three voltage reducing resistors 
interposed between the three phase power line and thei 
bridge rectifier for reducing the voltage stresses encountered^ 
by the circuit's components. r 

62 Claims, 8 Drawing Sheets 
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CIRCUrr APPARATUS FOR SENSING LINE resistors arranged between the power supply mains and the 

CONDITIONS IN A THREE PHASE POWER bridge rectifier of the power mooitoring circuit. While these 

LINE voltage reducing resistors operate to reduce voltage applied 

to some of the circuit components and therefore hirther 

CROSS REFERENCE TO RELATED 5 reduce component cost, they tend to introduce a dislortion 

APPUCATION component into the input signal input into the circuit's signal 

Reference is made to and priority claimed from US. analyzer. 

provisional application Scr. No. 60/136^91 filed Jun. 1, In another aspect of the invention, the circuit signal 

1999, cntidcd THREE PHASE POWER MONITOR. analyzer includes a programmed microprocessor which has 

RAfTCnuoinsm of THF nvrVFNnON ^° previously programmed to accurately sense line oon- 

BACKGROUND OF THE INVENTION ^.^^^ ^ ^.^^ p^^^^ 

1. Field of the Invention a distortion component in the input signal. Specifically, the 

The present invention relates to electrical load protection signal analyzer may include a program having a mathemati- 

dcviccs in general and particularly to a device for ctionitor- cal formula relating the distorted input signal to line condi- 

ing line conditions in a three phase power supply line. tions or else may include a programmed lookup table 

2 Background of the Prior Art correlating input signals with associated line conditions. The 

Eristing power monitoring circuits for monitoring line distortioobackout program may be developed prior to the 

conductors in a three phase power line typicaUy comprise P'^**? operation by analyzing the current- 

paraUel^omiected DC power suppUes for powering various ,„ "dicatrng mput signal under various experimentally con- 

• . / • J* . » . .20 trolled line conditions, 

circuit components (e.g. indicator components, sensmg cir- ^u^^^*^ 

cuitry components^ and relays). This arrangement results in These and other details, advantages and benefits of the 

excessive power consumption levels requiring that these present invention will become apparent from the detailed 

circuits be made using high voltage and high cost circuit description of the preferred embodinient hereinbelow. 

components. In addition, existing power monitoring circuits ^ DESCRIPTION OF TOE DRAWINGS 

must be housed m large, expensive protective housmgs xjix^i-i L^^^^r^r xiy^i^ ^xx*- 1^1^ xi 

account for the healing effects attendant to the high power FIGS, la and lb show circuit diagrams of the invention; 

consumption levels. pjG. 2 shows a more specific embodiment of a circuit 

Efforts in the past to reduce power consumption levels in according to the invention; 

three phase monitoring circuits have often resulted in further 30 pjc. 3 shows an embodiment of the invention including 

mcreases m circuit component costs. For example, m VS, ^ constant currents source; 

Pat. No. 5,548,207 a power monitoring circuit is described 17,^0^^1.1- r j-* -* 

u- u m 1* w f 1- w • J ■ FIGS. 4a-4h show waveforms correspondmg to input 

m which the line voltage of the line bemg monitored is . , ... , , f r.i_ • ^ 

reduced using a three ph£e stepniown isolation transformer. ^'^""'^ "^^^ ^^^y«^ ^ °^ 

While the circuit feamres reduced power consumption, it is 35 f^^S. 5a and 5b show embodunents of vanous existing 

estimated that the step-down isolation transformer shown in P^wer momtonng circmts. 

the *207 patent accounts for at least 50 percent of the total DETAILED DESCRIPTION OF THE 

costs of the '207 circuit. INVENTION 

There is a need therefore for a three phase power monitor 

which consumes reduced power, comprises low cost circuit 40 ^ ^^^^^^ understanding of the invention, it is helpful to 

components, is readily packaged in a smaU, inexpensive ^fst examine some shortcomings of prior art three phase 

housing, and which, at the same time, accurately detects line monitoring circuits. 

voltage characteristics. In Ihe prior art circuit of RG. 5a a series-connected zener 

diode 402 and resistor 404 are connected in parallel across 

SUMMARY OF THE INVENTION series-connected relay 406 and relay driver 408, and in 

According to its major aspects and broadly stated, the parallel aaoss a three phase bridge rectifier 410. A signal 

invention is a low cost, low power consumption power analyzer 405 is powered by the voltage across zener diode 

monitoring circuit for monitoring line conditions in a three 402 and has input thereto the voltage provided by voltage 

phase power supply mains. divider 412 which is connected across bridge rectifier 410. 

The power monitoring circuit includes a signal analyzer 50 Bridge rectifier 410 and zener diode power supply 402 arc 

and plwality of series-connected power supplies for pow- commonly connected to ground 416, In response to a sensed 

ering various circuit components, including such compo- voltage imbalance, the signal analyzer 405 generates an 

nents as a signal analyzer and a relay coU. The scries imbalance signal to trip relay driver 408 and deactivate relay 
connection of the power supplies reduces the power con- 

sumption of the circuit, thereby reducing the required volt- ss The parallel cotmection of relay coil 406 and power 

age ratings and cost of the circuit components as well as supply zener diode 402 results in high power consumption 

reducing the required heat stress rating and cost of the levels and in high voltage stress requiring that the circuit 

circuit's packaging. According to the invention, the signal comprise high cost circuit components. The three phase 

input into the signal analyzer for analyzing line conditions is bridge rectifier 410 must be especially rugged in design in 

a signal indicative of the current supplying the series- so the embodiment of FIG. 5fl. Three phase bridge rectifier 410 

connected power supplies. This current-indicating signal must be able to withstand both the line voltage and line 

may be developed with use of a current sensor comprising voltage transients. 

a sensing resistor and voltage divider combination, or The prior art power monitoring circuit of U.S. Pat. No. 

another type of current sensor such as a linear optocoupler, 5,548,207 is shown in FIG. 56. In this circuit, a three phase 

a DC current sensor, or a Hall-effect sensor. 65 transformer 430 is provided for reducing the voltage of the 

A power monitoring circuit according to the invention primary three phase power line. While the transformer 

preferably further includes a plurality of voltage reducing reduces the circuit's power consumption, it is estimated that 
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transformer 430 would account for at least 50 percent of the in the case voltage reducing resistors 31, 32 and 33 are 

total circuit cost. removed. It is seen that the input voltage is substantiaUy 

Referring now to RGS. lfl-2. the advantages of the undistorted when resistors 31, 32 and 33 are removed from 

present invention will be explained in detail. A fir^ embodi- the rectifier input. RGS. 2c-le show the voltage at node W 

ment of the invention is shown in FIG. la. In the embodi- 5 for different values of the resistors R3i=R32=R33- It is seen 

ment of FIG. \a power suppUes 12 and 14 for powering ^at resistors R31, R32 and R33 significantly distort the input 

signal analyzer 16 and relay 18, respectively, are connected volUge in a manner that changes substantially dcpeodmg on 

in series, and line conditions are sensed by sensing the ^he value of the resistors. 

current, 1^ supplying the power supplies. Shown as being In another aspect of the invention, circuit 10 is adapted to 

provided by zencr diodes 11 and 15, power supplies 12 and 10 accurately sense Une conditions in spite of the presence of a 

14 can be provided by any "shunt type" voltage regulator. significant distortion component in the circuit's input ^gnal 

The scries connection between the power supplies 12 and 14 resulting from use of voltage reducing resistors in circuit 10. 

reduces the maximum power that is consumed by these two For sensing line coixlitioDS in spite of the presence of a 

power supplies. The series connection of the power supplies significant distortion component in the circuit's input signal, 

thereby reduces the required voltage ratings and cost of the 15 the signal analyzer 16 of circuit 10 is provided by a 

circuit components as well as reducing the required heat programmable microprocessor in conmiunication with a 

stress rating and cost of the circuit's packaging. As will be memory having stored therein a distortion backout program 

explained more fully hereinbelow, the series arrangement that correlates various distorted input signals with associated 

between the power supplies 12 and 14 also prevents the hoe conditions. The distortion backout program is prefer- 

voltage across rectifier 20 from being substantially influ- 20 ably established prior to circuit 10 being placed into opera- 

cnced by the state of relay 18. Therefore the scries arrange- tion by observing distorted input signal characteristics under 

ment of power supplies 12 and 14 simplifies the task of various experimentally controlled line conditions, 

continual voltage monitoring subsequent to an imbalanced Iq one embodiment the distortion backout program 

condition being sensed. includes a mathematical formula or formulas correlating 

While the components for sensing power supply current ^ various distorted input signals to associated line conditions, 

in the embodiment of FIG. la arc shown as being provided These mathematical formulas may be established by utiliz- 

by a current sensor including a current sensing resistor 22 ing the difference between Vpp4 (FIG. 4i>) and Vpp3 (FIG. 

and voltage divider 26, it will be seen that these components 4e) as a measure of the voltage imbalance. For greater 

could readily be replaced with alternative current sensing accuracy, line voltage compensation may be added, since 

devices. An alternative embodiment of the invention is ^ both Vpp4 and Vpp3 voltages vary with change of the line 

shown in FIG. lb, in which element 27 represents an voltage. 

alternative current sensing device such as a linear another embodiment, the distortion backout program 

optocoupler, a DC current sensor, or a Hall-effect sensor. includes a lookup table or tables correlating various dis- 

When an alternative current sensing device is used, the torted input signals with associated line condition. A lookup 

circuit must contain an element, e.g. resistors 31, 32 and 33 table comprising data representing different levels of voltage 

for limiting current supplied to the power supplies. unbalance in a three phase power line can be developed by 

The cost of the circuit components of FIG. la can be (a) connecting the power monitoring circuit 10 to an adjust- 

reduced further by providing voltage reducing resistors 31, able three phase voltage source; (b) adjusting the three phase 

32 and 33 at the input of bridge rectifier 20. Resistors 31, 32 ^ voltage source to create a specific voltage unbalance level at 

and 33 enable the remaining circuit components to operate a given average of three phase voluges; (c) measuring the 

I*at lower voltage and prevent the remaining circuit compo- input signal voltage; (d) converting the measured input 

nents from being directly exposed to line voltage transients. signal voUage to a binary value; (e) storing this binary value 

Most significantly, the voltage reducing resistors reduce the and an unbalance level indicating value into a table such that 

voltage stress encountered by bridge rectifier 20 thereby the binary value represents the associated specific level of 

reducing the required volUge rating and cost of rectifier 20. voltage unbalance provided in step (b); and (f) repeating 

These refers ^uld be sized so that there is sufficient steps (b)-(e) to provide additional table data points com- 

ciurent for operation of the relay 18 and signal analyzer at prising correlated binary value and unbalaix^e level indicat* 

a minimtmi specified input voltage. ing values. 

While the current limiting resistors 31, 32 and 33 reduce 50 Because of the series connection of the power supplies, 

voltage stress levels and cost of the circuit components, their the chararteristics of the input voltage in the circuit of RGS. 

inclusion in the circuit of FIG. la results in a significant lfl-3, although distorted by the presence of resistors 31, 32 

distortion component being introduced into the input signal and 33 are not substantially affected by the state of relay 18. 

that is input into signal analyzer 16 which in the embodiment By contrast, it is seen that if voltage reducing resistors 31, 

of FIG. Ifl is a current-indicating input signal. The charac- 55 32 and 33 were implemented in the prior art circuit of FIG. 

teristics of this distortion component are difEcult to predict Sa containing parallel-connected power supplies, then the 

prior to selection of the circuit's specific circuit components activation and deactivation of relay driver 408 would sub- 

and vary significantly depending on the characteristics of the stantially affect the voltage across bridge rectifier 410 and 

specific circuit components, particularly on the vahie of therefore the vohage that is input into signal analyzer 16. 

resistors 31, 32 and 33 and on the characteristics of power ^ While the addition of resistors 31, 32, and 33 into circuit 

supplies 12 arid 14 shown as being provided by zener diodes. 10 substantially distorts the input signal, the input signal is 

FIGS. 4Q-Ad ilhistratc the effect of refers 31, 32 and 33 not substantially affected by energization and deenergization 

on the signal analyzer input voltage, of relay 64 as would be the case if the resistors were 

The waveforms of FIGS. 4fl-4J represent the input volt- implemented in the prior an circuit of FIG. $a. Therefore, it 

age at mode 94 of the circuit of FIG. 2, a specific embodi- 65 is seen that the series arrangement of power supplies in the 

ment of the invention to be described more fully herein circuitof FIGS, lfl-3 amplifies the task of continual voltage 

below. FIG. 4fl shows the analyzer input voltage at node 94, monitoring subsequent to an imbalanced condition being 
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sensed.Thecombinalion of voltage reducing resistors 31, 32 fiilly herein). Increasing the peak-lo-peak voltage of the 

and 33 and series connected power supplies 12 and 14 unbalance-indicating input signal allows the invention to be 

reduces the voltage stress encountered by circuit carried out using a microprocessor having a lower 

components, reduces the power consumption of the drcuil resolution, lower cost analog-to-digital convener, 

and provides a circuit whose input voltage is well suited for 5 Resistors 44 and 45 are current limiting components and 

sensing line conditions subsequent to an imbalanced condi- may be connected to microprocessor 52 for detecting zero 

lion being sensed. crossing of voltages applied to lines Lj, and Lj. From these 

A specific embodiment of the invention is shown in FIG. two signals, microprocessor 52 determines phase sequence 

2. In the circuit FIG. 2, three phase voltage is applied to of three phase line voltages. When three phase line voltages 

terminals L|, and Lg. Resistors 31, 32 and 33 arc of lO are within ranges indicating a balanced line condition, and 

substantially equal value and serve as current limiting com- with proper phase sequence, the microprocessor 52 cner- 

ponents. Rectifier diodes 34, 35, 36, 37, 38 and 39 form a gizcs relay 64 through transistors 56 and 62. Resistor 54 

three phase full wave rectifier 20, which supplies voltage for provides base current for transistor 56 and resistor 58 

operation of the power monitor. Zener diode 75 and filter provides base current for transistor 62. 

capacitor 76 form a first power supply which provides is jf parameters of three phase line voltages are outside the 

current for operation of a signal analyzer provided by desired values, relay 64 is deenergized and a fault indicia 

microprocessor 52. will be displayed by LEDs 61 and 69. For example, LED 61 

Zener diode 77 serves as a second power supply and may indicate phase reversal and LED 69 may indicate 

provides current for operation of LED diodes 61 and 69. voltage unbalance. Resistors 60 and 70 in the embodiment 

Third power supply consists of zener diode 78 and filter ^ shown set desired current levels for LED 61 &nd LED 69 

capacitor 79 and provides current for operation of the relay respectively. Transistors 55, 59, 71 and 73 control operation 

64. of the LEDs while resistors 53, 57, 72 and 74 provide base 

All three power supplies are connected in series and thus currents for transistors 55, 59, 71 and 73 respectively. Diode 

use approximately the same current which is substantially 63 is a firee wheeling diode for relay coil 65. Terminals 66, 

equal to the current flowing through resistor 48. Resistors ^ 67 and 68 are connected to normally open and normally 

41, 42, 44, 45, 49, 51, 53, 54, 57, 58, 72, and 74 have high closed contacts of the relay 64. 

resistance values, thus current consumed by these compo- FIGS. 4e and 4f show a set of voltage waveforms helpful 

ncnts can be neglected. Zener diode 40 protects circuit 10 in explaining operation of the apparatus. All waveforms are 

from damage due to high voltage conditions on three phase ^ shown in reference to the circuit ground, which is comiected 

lines connected to terminals L^, Lj, and L3. The arrangement to the anode of zener diode 75. 

of the first, second, and third power supplies in scries limits Voltage waveforms shown in FIG. 4e apply to conditions 

maximum voltage appUed to the circuit components and wherein three phase line voltages are balanced, 

reduces power consumption of the device, allowing the waveform 90 is scaled down by a voltage divider formed 

device to be made usmg mexpensive ciraiit components ^^^^ and converted to DC voltage which 

and aUowmg the device to be packaged usmg a small ^ voltage is shown as 

mexpensive housmg. waveform 91 and represents the average of three phase line 

All three power supplies are shunt-type regulators, so the voltages and is appUed to the first analog input of micro- 
combined voltage across the three power supplies is con- processor 52. Waveform 94 represents bias voltage devel- 
Slant. Since the voltage across three power supplies is ^ ^^^^ resistor 51. Waveform 93 is obtained by super- 
constant, the current flowing through resistor 48 is propor- imposing the AC componeot of waveform 90 on bias volUge 
tional to three phase line voltages applied to terminals L^, 94 reducing higher frequency components with the 
and 1^ under all line conditions including unbalanced line ^^^^ ^ ^^^^ consisting of resistor 50 and 
conditions. capacitor 47. Vpp3 is a peak-to-peak value of the waveforms 

Combined voltage deve toped across the current sensing 45 93 and represents 0% voltage unbalance, 

resistor 48 and zener diode 75 is scaled down by the voltage ^^^^ waveforms as they may appear 

divider consisting of resistor 41 and resistor 42 and con- ^ ^ -^^ unbalanced line condition. Waveforms 90, 91, 

verted to DC voltage by a low pass filter consistmg of 93 ^ j^q ^ ^^^^ ^ balanced Une 

resistor 41 and capacitor 43. This signal represents the condiUon are shown under an imbalaoced line condition in 

average of three phase Ime voUages and is appUed to the first 50 4^ ^ waveforms 90*, 91', 92', 93', and 94', respectively. 

anaJog input ofmic^processor 52. For constam vahies of the circuit components, the peak- 

Resistors 49 and 51 provide bias voluge for AC compo- ^ ^^^^ ^ j ^ waveform 93, is a function of: 

nent signal supplied to nncrc^roccssorp through ra^^ ^^^^ ^ B (VabX voltage 

capacitor 46. Ibis signal, mdicativc of the power supply AC ^^^^^ 3 and phase C (V^c), voltage between phase 

component current, represents voltage unbalance of the 55 a and phase C (Vac) and line frequency F. The peak-to-peak 

three phase line voltages. The AC component current- ^ . ^j^^ waveform 93; increases when voltage 

indicating signal is apphed through a low pass filter to ^^^^^e is increasing. 

second analog input of microprocessor 52. Resistor 50 and ^ , . . , t j ^ 

capacitor 47 form a low pass filter for reducing the eflfecl of Phases A. B, C are comiected to termmals L,, and 

high frequency harmonics in three phase lines on accuracy 60 respectively. 

of volugp unbalance measurenaent. The pcak-to-peak value (Vpp) can be expressed as: 

The utilization of low pass filters comprising components v^f-^^Vbb, vbc^Vac, F) 
41, 43, 47 and 50 and the AC component extractor com- 
prising components 46, 49 and 51 results in a full scale From the Vpp value of waveform 93', the microprocessor 
unbalance-indicating input signal having a peak-to-peak 65 can find the magnitude of voltage unbalance through calcu- 
voUage approximately equal to that of voltage 90, 90' (the lations or from a lookup table stored in microprocessor 
characteristics of voltage 90, 90* will be explained more program memory. 
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From ihe waveform 91, the microprocessor can find the 
average value of three phase line voltages through calcula- 
tions or from a lookup tabic stored in microprocessor 
system's program memory. 

[n an alternative embodiment of the invention shown in 5 
FIG. 3, the current sensor of the embodiments of FIGS, la-2 
is replaced by a con^ant current source 90 connected in 
series with the series-connected power supplies of the cir- 
cuit. In this embodiment, the signal input into microproces- 
sor 52 for sensing line conditions is indicative of the voltage 
drop across the constant current source. This current source 
voltage drop indicating signal may be developed with use of 
the voltage divider comprising resistors 41 and 42. 

An alternative method for sensing line conditions based 
on various combinations of input signals is shown described 
with the waveform diagrams of reference to FIGS. 4g and 
4h, In an alternative method of sensing Une conditions, a 
third zero crossing signal for sensing the zero-cros^g 
characteristic of line 3, can be input into microprocessor 52, 
as is indicated by the conductor including current limiting ^ 
resistor 46 of FIG. 3. FIG. 4g ^ows waveforms correspond- 
ing to the zero crossing signal for each of the 3 Hoes, Line 1, 
line 2, and line 3 plotted against an input signal V, under a 
balanced line condition, while FIG. 4h shows waveforms 
corresponding to zero crossing signal for each of the three ^ 
lines plotted against an input signal V, under an unbalanced 
line condition. When zero crossing signals corresponding to 
each of the three lines are input into microprocessor 52, 
timing periods T^, and T3 can be established based on the 
zero-crossing signals as is indicated by waveform diagram ^ 
of FIG. 4g, and unbalanced line conditions can be monitored 
for by analyzing the input signal during each of the timing 
periods. Of course, other timing periods can be established 
based on relationships between V^, and Vg, as is indi- 
cated by timing periods T^^, and and timing periods 
^iB> ^5* ^'^P^^ signal, v shown in 

FIGS. 4g and 4^ is the input signal of the constant current 
source embodiment of the invention described in FIG. 3. 
However it will be imderstood that the method requiring a 
third zero aossing signal can also be employed to sense line ^ 
conditions using the embodiments of FIGS. la-2. It will be 
understood further that the line condition sensing methods 
described in connection with the waveform diagrams of 
FIGS. 4g and 4A can also be used to sense line conditions in 
the constant current source embodiment of the invention 
shown in FIG. 3. 

While this invention has been described with reference to 
the specific embodiments, it is not intended to be limited to 
the details ^own, since various modifications are possible 
without departing from the ^irit of the present invention. 

In the claims: 

1. A power monitoring circuit for monitoring line condi- 
tions in a three phase power line, said power monitoring 
circuit comprising: 

at least one power supply; 

a current sensor connected in series with said at least one 
power supply, for sensing current supplied to said 
power supply; 

a three phase bridge rectifier adapted for communication 
with said power line, connected in parallel across said 60 
series-connected power supply and current sensing 
element arrangement; and 

a signal analyzer responsive to an input signal developed 
by said current sensing element, for sensing line con- 
ditions of said three phase power line. 65 

2. The circuit of claim 1, wherein said circuit further 
includes first, second and third voltage reducing resistors 
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disposed at an input of said bridge rectifier, for reducing 
voltage stress levels encountered by said bridge rectifier. 

3. The circuit of claim 1, further including first, second 
and third voltage reducit^ resistors di^sed at an input of 
said bridge rectifier, for reducing voltage stress levels 
encountered by said rectifier, said voltage reducing resistors 
introducing a significant distortion component into said 
input signal, wherein said signal analyzer includes a pro- 
gramed microprocessor having a distortion backout program 
correlating distorted input signals with various line 
conditions, so that said signal analyzer accurately senses line 
conditions in spite of said significant distortion component. 

4. The circuit of daim 1, wherein said distortion backout 
program includes a mathematical formula correlating dis- 
torted input signals with various line conditions. 

5. The circuit of claim 1, wherein said distortion backout 
program includes a lookup table correlating distorted input 
signals with various line conditions. 

6. The circuit of claim 1, wherein said at least one power 
supply power suppHes comprises a zeoer diode. 

7. The circuit of claim 1, wherein said at least one power 
supply powers a relay coil. 

8. The circuit of claim 1, wherein said at least one power 
supply powers said signal analyzer, said wherein said one 
power supply powering said signal analyzer is coimected to 
ground. 

9. The circuit of claim 1, wherein said current sensing 
element is a current sensing resistor. 

10. The circuit of claim 1, wherein said current sensing 
element is a linear optocoupler. 

11. The circuit of claim 1, wherein said current sensing 
element is a Hall-effect sensor. 

12. The circuit element of claim 1, wherein said current 
sensing element is a DC current sensor. 

13. A power monitoring circuit for monitoring line con- 
ditions in a three phase power line, said power monitoring 
circuit comprising: 

at least one power supply; 

a three phase bridge rectifier adapted for communication 
with said power line, for powering at least one power 
supply; 

a first input signal generating clement for generating a 
first input signal indicative of said line conditions; and 

a microprocessor system, powered by said at least one 
power supply for sensing line conditions based at least 
in part on said input signal. 

14. The circuit of claim 13, further comprising three 
voltage reducing resistors disposed at the input of said 
bridge rectifier, said voltage reducing resistors reducing 
voltage across said bridge rectifier while introducing a 
significant distortion component into said input signal, 
wherein said microprocessor system includes distortion 
backout program correlating distorted input signals with 
various line conditions so that said microprocessor system 
accurately senses Une conditions in spite of said distortion 
component 

15. The circuit of claim 14, wherein said distortion 
backout program includes a mathematical formula correlat- 
ing distorted input signals with various line conditions. 

16. The circuit of claim 14, wherein said distortion 
backout program includes a lookup table correlating dis- 
torted input signals with various line conditions. 

17. The circuit of claim 13, wherein said microprocessor 
system further has input the first, second, and third zero 
crossing signals, wherein said microprocessor system deter- 
mines first second and third timing periods based on said 
zero crossing signals, and senses line conditions by moni- 



12/02/2003, EAST Version: 1.4.1 



us 6,541,954 Bl 

9 10 

to ring for changes in said input signal between said first, 29, The circuit of claim 13, wherein said at least one 

second and third timing peridds. power supply is a plurality of series-connected power sup- 

18. The circuit of claim 13 further comprising a second plies. 

input signal generating element generating a second input 30, The method of claim 19, wherein said providing step 

signal, wherein said first input signal is indicative of a 5 includes the step of providing a plurality of series-connected 

voltage imbalance of said line, and said second signal is a power supplies. 

DC voltage indicative of the average voltage of said three 31. The circuit of claim 20, wherein said at least one 
phase line, wherein said microprocessor system receives power supply is a plurality of series-connected power sup- 
both of said first and second signals whereby a resolution plies. 

requirement of an analog-to-digital converter of said micro- 32. A power monitoring circuit for monitoring line con- 

prooessor system is reduced. ditions in a three phase power line, said power momtoring 

19. A method for sensing line conditions of a three phase circuit comprising: 

power line, said method comprising the steps of: at least one internal circuit power supply; 

providing at least one power supply; a current sensing clement carrying substantiaDy a current 

powering said at least one power supply with power supplied to said at least one internal circuit power 

supplied by a three phase bridge rectifier in communi- supply for sensing current supplied to said internal 

cation with said three phase power line; circuit power supply; 

detecting current flowing through said at least one power a three phase bridge rectifier adapted for communication 

supply; and with said power line, connected in parallel across said 

sensing fine conditiras based at least in part on said _ internal circuit power supply and current sensing ele- 

delecied current. ^ arrangement; and 

20. A power monitoring circuit for monitoring hne con- a signal analyzer responsive to an input signal developed 
ditions in a three phase power line, said power monitoring ^"^"^ f "^^8 ^^"^e"'' sensing line con- 
circuit comprisinfi- ditions of said three phase power line. 

r , * J I 33. The circuit of claim 32, wherein said circuit further 

at least one of senes^nnected power supply; ^ ^^^^^^ ^ ^^^^^^ ^^^^ ^^^^^^ 

a constant current source connected in senes with said at disposed at an input of said bridge rectifier, for reducing 

least one power supply; voltage stress levels encountered by said bridge rectifier. 

a voltage drop sensor for generating an input ^gnal 34. The circuit of claim 32, further including first, second 

indicative of a voltage drop across said constant current and third voltage reducing resistors di^sed at an input of 

source; a three phase bridge rectifier in communication 30 said bridge rectifier, for reducing voltage stress levels 

with said power line, connected in parallel across said encountered by said rectifier, said voltage reducing resistors 

series-connected power supply and constant current introducing a significant distortion component into said 

source anangement; and input signal, wherein said signal analyzer includes a pro- 

a circuit analyzer responsive to said voltage drop- gramed microprocessor having a distortion backout program 

indicating input signal, for sensing line conditions in 35 correlating distorted input signals with various line 

said three phase power line. conditions, so that said signal analyzer accurately senses line 

21. The circuit of daim 20, wherein said circuit further conditions in ^ite of said significant distortion component, 
includes first, second and third voltage reducing resistors 35. The circuit of claim 34, wherein said distortion 
disposed at an input of said bridge rectifier, for reducing backout program includes a mathematical formula correlat- 
voltage stress levels encountered by said bridge rectifier. 40 ing distorted input signals with various line conditions. 

22. The circuit of claim 20, further including first, second 36. The circuit of claim 32, wherein said distortion 
and third voltage reducing resistors disposed at an input of backout program includes a lookup table correlating dis- 
said bridge rectifier, for reducing voltage stress levels torted input signals with various tine conditions, 
encountered by said rectifier, said vohage reducing resistors 37. The circuit of claim 32, wherein said at least one 
introducing a significant distortion component into said 45 internal circuit power supply comprises a zener diode, 
input signal, wherein said signal analyzer includes a pro- 38. The circuit of claim 32, wherein said at least one 
gramed microprocessor having a distortion backout program internal circuit power supply a relay coil. 

correlating distorted input signals with various line 39. The circuit of claim 32, wherein said at least one 

conditions, so that said signal analyzer accurately senses line internal circuit power supply powers said signal analyzer, 

conditions in spite of said significant distortion component. 50 4®- The circuit of claim 32, wherein said current sensing 

23. The circuit of claim 20, wherein said distortion clement is a current scnang resistor. 

badcout program includes a mathematical formula correlat- 41. The circuit of claim 32, wherein said current scnsmg 

ing distorted input signals with various line conditions. element is a linear optocoupler. 

24. The circuit of claim 20, wherein said distortion 42. The circuit of claim 32, wherein said current sensing 
backout program includes a lookup table correlating dis- 55 element is a Hall-effect sensor. 

torted input signals with various tine conditions. 43. The circuit element of claim 32, wherein said current 

25. Hie circuit of claim 20, wherein said at least one sensing element is a DC current sensor. 

power supply comprises a zener diode. 44. The circuit of claim 32, wherem said at least one 

26. The circuit of claim 20, wherein said at least one internal circuit power supply comprises a plurahty of inter- 
power supply phirality of powers a relay coil 60 nal circuit power suppHes. 

27. Hie circuit of claim 20, wherein said at least one 45. A power monitoring circuit for monitoring tine con- 
power supply powers said signal analyzer, said wherein said ditions in a three phase power line, said power monitoring 
at least one power supply powering said signal analyzer is circuit compnsmg: 

connected to ground. at least one internal circuit power supply; 

28. Hie circuit of claim 20, wherein said at least one 65 a three phase bridge rectifier adapted for communication 
power supply is a plurality of serie&connected power sup- with said power line, for powering said at least one 
plies. internal circuit power supply; 
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a first input sigaal generating element for generating a 54. A power monitoring circuit for monitoring line con- 
first input sigaal indicative of said line conditions; and ditions in a three phase power line, said power monitoring 

a microprocessor system, powered by said at least one circuit comprising: 

intcrnaldrcuitpowersupply forscnsinghi^ ^^^^ „^ -^^^^ ^^-^ . 

based at least m part on said mput signal. 5 

46. The circuit of claim 45, further comprising three » constant current source carrymg substantially a current 
voltage reducing resistors disposed at the input of said carried by said at least one internal circuit power 
bridge rectifier, said voltage reducing resistors reducing supply; 

voltage across said bridge rectifier while introducing a a voltage drop sensor for generating an input signal 

sipificant distortion componem into said input signal, jq indicative of a voltage drop across said constant current 

wherem said microprocessor system mctudes distortion source* 

badcout program corrclatiag distorted input signals with ' ^ 

various line conditions so that said microprocessor sy^«n ^ F**se bridgp rectifier in communication with said 

accurately senses line conditions in spite of said distortion power line, connected in parallel across said at least one 

component internal circuit power supply and constant current 

47. The circuit of claim 46, wherein said distortion source arrangement; and 

backoutprc^am includes a mathematical foitnuk , ^^j^ responsive to said voltage drop- 

mg distorted mput signals with vanous line conditions. • j- • * * 1 r • i- j-^- - 

48. The ciroiit of claim 46, wherein said distortion ^dicaXmg irq,ut signal, for scnsmg hnc conditions m 

backout program includes a lookup table correlating dis- P**^ P°^^ 

tortcd input signals with various line conditions. 20 55. The circuit of claim 54, wherem said curcuit further 

49. The circuit of daim 45, wherein said microprocessor inchides first, second and third voltage reducing resistors 
system further has input the first, second, and third zero disposed at an input of said bridge rectifier, for reducing 
crossing signals, wherein said microprocessor system deter- voltage stress levels encountered by said bridge rectifier 
mines first second and third timing periods based on said 55. The circuit of claim 54, further including first, second 
zero crossing signals, and senses line conditions by moni- 25 and third voltage reducing resistors disposed at an input of 
toring for changes in said input signal between said first, ^^^idge rectifier, for reducing voUage stress levels 
se<^nd and third Ummg penods. encountered by said rectifier, said voltage reducing resistors 

50. The circuit of claim 45, further compnsmg a second . . ■ -c . j- . ^- * • * -j 
input signal generating element generating a second input "^troducing a significant distortion component mto said 
signal, wherein said first input signal is indicaUve of a „ "^P^^ signal, wherem said signal analyzer mcludes a pro- 
voluge imbalance of said line, and said second signal is a gramed microprocessor having a distortion backout program 
DC voltage indicative of the average voltage of said three correlating distorted input signals with various line 
phase line, wherein said microprocessor system receives conditions, so that said signal analyzer accurately senses Une 
both of said first and second signals whereby a resolution conditions in spite of said significant distortion component, 
requirement of an analog-to-digital converter of said micro- ^5 ^7. The circuit of claim 54, wherein said distortion 
processor system is reduced. backout program includes a mathematical formula correlat- 

51. The circuit of claim 45, wherein said at least one ing distorted input signals with various line conditions, 
internal circuit power supply comprises a plurality of inter- 58. The circuit of claim 54, wherein said distortion 
nal circuit power supplies. backout program includes a lookup table correlating dis- 

52. A method for sensing line conditions of a three phase ^ torted input signals with various line conditions. 

power line, said method comprising the steps of: 59 xhe circuit of claim 54, wherein said at least one 

providing at least one internal circuit power supply; internal circuit power supply comprises a shunt type voltage 

powering said at least one internal circuit power supply regulator 

with power supphed by a three phase britfee rectifier in (jq. The circuit of claim 54, wherein said at least one 

communication with said three phase power line; 45 internal circuit power supply powers a relay coil, 

detecting current flowing through said at least one internal 61. The circuit of claim 54, wherein said at least one 

circuit power supply; and internal circuit power supply supplies power to said signal 

sensing line conditions based at least in part on said analyzer. 

detected current 62. The circuit of claim 54, wherein said at least one 

53. The method of claim 52, wherein said providing step 50 internal circuit power supply comprises a plurality of inter- 
includes the step of providing a plurality of internal circuit nal circuit power supplies. 

power suppHes sharing substantially a common current 

value. ***** 
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